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(54) METHOD OF INSPECTING CRYSTAL DEFECT IN SURFACE LAYER PART OF 
SILICON WAFER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To accurately count and evaluate BMDs in a surface layer 
part of a silicon wafer, irrespective of kinds of etching liquids. 

SOLUTION: The present invention provides a technique for protecting the surface layer 
part in selective etching and for evaluating the BMDs in the surface layer part, by forming 
nitride film (film having high resistance against hydrofluoric acid etching) in the silicon 
wafer with a surface coated with an oxide film. That is, a micro crystal defect existing in the 
surface layer part of the silicon wafer is actualized to be counted, by etching the silicon 
wafer surface selectively after forming the nitride film on the silicon wafer surface, in this 
method of inspecting the crystal defect in the surface layer part of the silicon wafer of the 
present invention. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

The silicon wafer surface section crystal defect inspection approach characterized by actualizing the 
minute crystal defect which exists in the silicon wafer surface section by carrying out selective 
etching of this silicon wafer front face, and carrying out counting after forming a nitride in a silicon 
wafer front face. 
[Claim 2] 

The silicon wafer surface section crystal defect inspection approach according to claim 1 that the 
nitride which forms membranes to said silicon wafer front face is characterized by being in the range 
of 0.01-0.5 micrometers. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the approach of inspecting crystal **** like the oxygen sludge which 

distributes and exists in the depth direction from the surface layer of Si wafer. 

[0002] 

[Description of the Prior Art] 

The silicon wafer used for a semiconductor device slices the single crystal ingot which was mainly 

able to be pulled up from polish recon melt by the CZ process, and is manufactured. 

[0003] 

After a CZ process's carrying out heating fusion of the polish recon of the raw material supplied in 
the quartz crucible, contacting the tip of seed crystal to this silicon melt and familiarizing it, it raises 
and pulls up a silicon single crystal ingot. Thus, it is known that various kinds of crystal defects exist 
in the manufactured silicon wafer. As a crystal defect generated during a silicon single crystal pull- 
up, an oxygen sludge defect (BMD), the oxide induction stacking fault (OSF), the stacking fault, the 
crystal reason particle defect (COP), the metal sludge reason crystal defect (Crystal defect), etc. are 
known. 
[0004] 

Among these crystal defects, in order for a metal sludge defect to worsen the property of the 
semiconductor device produced using this silicon wafer and to reduce the yield of the device of an 
excellent article, disappearing this defect is performed. That is, the approach which impurities, such 
as heavy metal, have the property by which a trap is carried out to the crystal defect which exists in a 
silicon wafer, and used this is an approach called the IG method (Intrinsic Gettering). In this IG 
method, the oxygen sludge defect usually called BMD is used. 
[0005] 

In BMD, as mentioned above, it is a kind of the crystal defect of a silicon single crystal, and it is 
called the oxygen sludge defect. Although this BMD distributes and exists even in the interior from 
the surface section of a silicon single crystal, in order that this BMD may carry out the trap of the 
impurity containing the heavy-metal element which exists in a silicon single crystal, may inactivate 
it and may improve the poor silicon device property based on heavy metal pollution, it is made 
desirable [ that BMD of the range suitable in a silicon single crystal exists ]. If take and it is in 
manufacture of a silicon wafer, it asks, and it is computing the BMD consistency in a silicon wafer 
about the manufactured silicon wafer by managing this BMD in the necessary range carrying out 
counting of the BMD. 
[0006] 

Usually, in order to have observed inspection of a crystal defect like BMD, i.e., a single crystal, and 
to have performed counting of BMD, after performing precipitation heat treatment (oxygen ambient 
atmosphere) to a silicon wafer, cleavage of the sample was carried out and it was carrying out by 
etching using the selection etching reagent which mentions a cross section later (patent reference 1 
reference). Usually, in a crystal defect part like BMD, an oxidation rate is quick and a defective part 
serves as a concave. The crevice by etching is called an etch pit. observing this etch pit with an 
optical microscope — the crystal defect of a silicon wafer — observing ~ counting — it can evaluate. 
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[0007] 

By the way, as for the selection etching reagent used conventionally, the etching reagent of a fluoric 
acid system is mainly used. This consists of fluoric acid (HF) which is a powerful oxidizer like 
chrome oxide (Cr03) or a nitric acid (HN03), palliative like water (H20) or an acetic acid 
(CH3COOH), and a reducing agent. 
[0008] 

Such a selection etching reagent oxidizes and dissolves an oxide (Si02) by HF continuously in a 
silicon wafer front face with an oxidizer first. It is because the oxidation rates of the silicon in a **** 
field and other perfect fields differ that a defect is etched alternatively. 
[0009] 

By the way, although a crystal defect part like BMD which exists in a silicon wafer is alternatively 
etched by the approach using such a conventional selection etching reagent, since a silicon wafer 
surface region will also be etched into coincidence, counting of the BMD of the surface section is 
carried out correctly, and it has the fault that observation evaluation cannot be carried out. Therefore, 
it was impossible about the silicon wafer used as a subject of examination to have asked for DZ 
width of face of a sample correctly. 
[0010] 

[Patent reference 1] JP, 10-227729, A 
[0011] 

[Problem(s) to be Solved by the Invention] 

what solves said said trouble that this invention cannot inspect BMD of the surface section correctly 
in the conventional BMD inspection approach as carried out — it is — the class of selection etching 
reagent — not depending ~ BMD of the silicon wafer surface section — accuracy — it aims at 
realizing the inspection approach which can carry out counting highly and which can be evaluated. 
[0012] 

[Means for Solving the Problem] 

This invention is forming a nitride (film which has the high resistance over fluoric acid etching) in 
the silicon wafer with which the oxide film's has covered the front face, when it performs selective 
etching, it protects the surface section, and it offers the technique whose BMD evaluation of the 
surface section is attained. 
[0013] 

That is, this invention is the silicon wafer surface section crystal defect inspection approach 
characterized by actualizing the minute crystal defect which exists in the silicon wafer surface 
section, and carrying out counting by carrying out selective etching of this silicon wafer front face, 
after forming a nitride in a silicon wafer front face. 
[0014] 

In said this invention, it is desirable to perform formation of a nitride on said silicon wafer front face 
by heat-treating in nitrogen-gas-atmosphere mind, or to carry out by reduced pressure chemical 
vapor deposition or the plasma-CVD method. 
[0015] 

Moreover, in said this invention, it is desirable for the nitride which forms membranes to said silicon 
wafer front face to be in the range of 0.01-0.5 micrometers. When the thickness of a nitride is less 
than the above-mentioned range, it is etched by selective etching to the silicon wafer surface section, 
and the crystal defect which exists in the surface section cannot be inspected. On the other hand, 
when the thickness of a nitride exceeds the above-mentioned range, the effectiveness of the surface 
protection beyond it is not improved, either and it is not practical only by nitriding treatment taking 
time amount. 
[0016] 

[Embodiment of the Invention] 

Hereafter, how to inspect BMD of the silicon wafer surface section of this invention is explained. 
The silicon wafer which can apply this invention is a silicon wafer which sliced the silicon single 
crystal which was able to be pulled up by the CZ process, ground, and was produced. As a silicon 
wafer to be examined, hydrogen processing of the silicon wafer can be carried out, nitrogen dope 
processing can be carried out further, or it can also apply to the silicon wafer which performed 
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various processings, such as epitaxial growth processing, further. 
[0017] 

The inspection approaches of this invention are observation and an inspection process which carries 
out counting about the process which forms a nitride in the silicon wafer front face used as a subject 
of examination, the process for which a silicon wafer sample is prepared so that cleavage of this 
silicon wafer may be carried out and distribution of BMD from the front face of a silicon wafer to 
the thickness direction can be inspected, the process which etches the cleavage plane front face of a 
silicon wafer with a selection etching reagent, and the etching pit produced by this. 
According to this process, sequential explanation is given below. 
[0018] 

The 1st process is a process which forms a nitride in the silicon wafer front face used as a subject of 
examination. 

as the formation approach of a nitride employable in this invention — heat nitriding and LPCVD — 
the nitride formation approach of well-known silicon wafers, such as law and a plasma-CVD 
method, is employable. 
[0019] 

Heat nitriding forms the SiNx film in a silicon wafer front face by heating a silicon wafer at 1200- 
1300 degrees C under nitrogen- gas-atmosphere mind for 10 to 15 hours. According to this approach, 
it is the simple approach of what requires time amount for membrane formation, and is practical. 
[0020] 

The LPCVD (reduced pressure CVD) method is the approach of decompressing the inside of a 
LPCVD reaction chamber to 10-103Pa, heating at about 750 degrees C, making SiH2C12 or NH3 
return in a reaction chamber, nitriding a silicon front face, and forming a SiNx layer. The nitride 
formed by this approach has membrane structure near Si3N4 from the consistency and the 
description of an organization. 
[0021] 

Moreover, a plasma-CVD method is 200-300 degrees C, and nitrides a silicon wafer front face by 
carrying out a plasma exposure in a SiH4-NH3 gas ambient atmosphere in the reaction chamber of 
the pressure of 0.2MPa (0.2Torr) extent. As for this approach, it is desirable to apply to the wafer 
which can form in low temperature comparatively and cannot be exposed to an elevated temperature. 

[0022] 

The thickness of the nitride formed by said all directions method has the desirable range of 0.01-0.5 
micrometers. When a nitride is less than said range, in the etching process mentioned later, it cannot 
prevent that a substrate front face is etched and the function of a protective coat cannot be attained. 
On the other hand, even if the thickness of a nitride exceeds said range, the effectiveness of the 
surface protection beyond it is not improved, either and it is not practical only by nitriding treatment 
taking time amount. 
[0023] 

Next, the 2nd process of this invention is a process which adds a mechanical blow for a silicon wafer 
in the inspection part of the silicon wafer in which the nitride was formed on the front face, and 
carries out cleavage of the crystal. As for the direction as for which the silicon wafer used as a 
sample carries out cleavage, it is desirable to carry out cleavage in the thickness direction of a silicon 
wafer, i.e., the direction perpendicular to a silicon wafer front face. 
[0024] 

Next, the 3rd process of this invention is a process which etches the silicon wafer front face in which 

the surface nitride was formed at said process by selective etching. 

[0025] 

The wet etching approach using the drugs solution of a fluoric acid system known as selective 
etching can be used for the etching approach adopted in this invention. This is immersed in an 
etching reagent in the silicon wafer used as a subject of examination, etches a silicon wafer by the 
chemical reaction, specifically is immersed, puts a silicon wafer to be examined on a room 
temperature -50 degree C etching reagent gently for 20 - 30 minutes, and carries out etching removal 
of the silicon oxide. The etching reagent of the following combination can be used as an etching 
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reagent used at this time. 
[0026] 

Although the etching reagent which can be used in this invention is usable if it is the liquid which 
does not corrode a nitride but can etch BMD alternatively, an etching reagent of a fluoric acid system 
which was mentioned above can be used. Specifically, this fluoric acid system etching reagent 
consists of fluoric acid (HF) which is a powerful oxidizer like chrome oxide (Cr03) or a nitric acid 
(HN03), palliative like water (H20) or an acetic acid (CH3COOH), and a reducing agent. Or iodine 
can also be added to this. 0. 1 -micrometer thing considered as the above by /of an etch rate is 
desirable. 

It is made to wash and dry with pure water, and the silicon wafer which carried out etching 

processing moves to the following process. 

[0027] 

The 4th process of this invention is a process which inspects numbers, such as BMD of a silicon 
wafer, by carrying out counting and carrying out counting of observation and the etch pit which 
exists in a silicon wafer cleavage plane for an etching pit by the image processing according the 
silicon wafer to be examined processed even at said process to visual inspection or a CCD camera. 
[0028] 

A visual inspection computes a consistency by counting the number of the etch pits which originated 

in crystal defects, such as BMD, by viewing, and generated the silicon wafer which carried out 

etching processing using the microscope. Or counting of the etch pit which photoed the 

predetermined field of the front face of a silicon wafer to be examined using image pick-up 

equipment like CCD, carried out digital processing of the obtained image, and was produced as a 

result of selective etching is detected and carried out. Such technique is well-known approaches, as 

JP,2000-338047,A etc. sees. 

[0029] 

[Example] 

(Example) 

CZ silicon wafer of [001] is used, 1000 degrees C of crystal orientation heat-treated this for 16 
hours, and it actualized the crystal defect on the front face of a wafer, and this silicon wafer front 
face LPCVD — the nitride was formed in the thickness of 0.5 micrometers by law. Subsequently, 
cleavage of this silicon wafer was carried out by blow, it was immersed in the etching etching bath 
which consists of the fluoric acid which heated this silicon wafer at 50 degrees C, a nitric acid, and 
an acetic acid further, and was left for 1 7 minutes, and etching processing of the crystal defect was 
carried out alternatively. During this etching processing, change of the thickness of a silicon wafer 
was measured periodically. The result is written and is shown in drawing 1 . 
[0030] 

After the completion of etching put for 17 minutes during the etching bath, after pure water washed 
this silicon wafer, using the microscope, counting of the etching pit whose 0.1mm exists in the field 
of 2 was carried out, and the consistency of an etching pit was computed by viewing. Consequently, 
in this silicon wafer front face, 1x109 etching pits /of 3 were seen cm. 

Moreover, although two or more parts were performed for this processing about the same silicon 
wafer, the repeatability of a crystal defect consistency was good and was able to inspect the very 
efficient silicon wafer BMD. 
[0031] 

(Example of a comparison) 

Except having not formed a nitride on the surface of the silicon wafer, like said example 1, etching 
processing was performed and change of silicon wafer thickness was investigated. The result is 
combined with drawing 1 and shown. 
[0032] 

The silicon wafer of the example 1 in which the nitride was formed on the silicon wafer front face 
did not have change of thickness through etching order so that drawing 1 might see. On the other 
hand, in the silicon wafer of the example of a comparison which does not form a nitride, it is after 
[ etching initiation ] 5 minutes, and the thickness of a silicon wafer with a thickness of 3 micrometers 
had already decreased. While reduction of the thickness according [ the silicon wafer of the example 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 9/26/2006 



JP,2004-279366,A [DETAILED DESCRIPTION] 



Page 5 of 5 



1 which formed the nitride 17 minutes after considering as the terminal point of etching ] to etching 
swas not still accepted, about 9. 5 -micrometer thickness change was accepted in the silicon wafer of 
the example 1 of a comparison which did not form a nitride. Consequently, in the silicon wafer 
which carried out etching processing for 17 minutes, it was judged that the etch pit which carried out 
counting about the silicon wafer of this invention in which the nitride was formed could also be 
evaluating the thing resulting from crystal defects, such as BMD which existed in the silicon wafer 
front face, and according to this approach, it became clear that a BMD crystal defect could be 
inspected with a sufficient precision. 
[0033] 

In the above-mentioned example, although the inspection approach of this invention was used for 
evaluation of BMD, even if applied to inspection of other crystal defects which actualize and carry 
out counting of the crystal defect by etching, it became clear to demonstrate equivalent effectiveness. 

[0034] 

[Effect of the Invention] 

This invention cannot be based on the class of selection etching reagent, but can evaluate minute 
crystal **** of the silicon wafer surface section. 
[Brief Description of the Drawings] 

[Drawing 1] The graph which shows change of Si wafer thickness in selective etching processing 
order. 

[Description of Notations] 
[Translation done.] 
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[Brief Description of the Drawings] 

[D rawin g 1 ] The graph which shows change of Si wafer thickness in selective etching processing 
order. 
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DRAWINGS 



' drawi ng 1] 
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[00 1 S3 
COO 1 9] 

fo&tomt. i/>jz3y?x;szm.m#Amwfz.Tx\ i 200-1300^1 0-1 5 

[0020] 

LPCVD (j«£ECVD) i£l±, LPC VD1*JSESF*)£ 1 0—1 03PatC:$£flEU 75 
0"OgU£KM«iU S i H 2 C 1 2 *>S^ttNH 3 £J£jeMl*l(-«JiS;*-£T . i/'jayS 

* jmvm&mWLfrh S i 3N4fcjfil»BH«8fc$:->-0*S. 
[00 2 1 ] 

T^XVCVD&li, 200-300*C-e. 0. 2MPa (0. 2Tor r) g« 

toEJw&uBgps?, s i h 4 - n h 3 tfAmagL't>T7?x*?mt-rh ztiz^o^o 

[00 2 2] 

WE#^TttfcJ:->T»«SfL*a'ft»0RJWi, 0. 0 1-0. 5/zm0>(^**#± Ll^ 

fif HMtaSHaWfr** tf j&» 0 TSW«Ttt*V * . 
[0023] 

act. *»w^>*2^ie»4. ^Bt^tii&ffML^^un^^x^^assip^fe^ 

[00 24] 
[0025] 

^ y^-r&to-c&o. AftffiKciiMia-so'c^x.yf y^at. saewift^^'jav 

■>x^£?I}f U 2 0— 3 0#S»BLT, i/0ziyWi{m£x. y1-y?lS&-t&. Zto 
tZtzffinZti&x.yj-yrmtLXli, TE<0J:a*E*Ox^f-^»tfflv^ifc 

[0026] 
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o 3 ) (hno 3 ) <n£o%mj)*mim. * (h 2 o) <ch 3 cooh 

[0027] 

*%Hjjc7)g54C0T.g(2. miT.mtX-X-WMZtvfcti&ttntnis [I a >"?x^£, 

M D=flr if <^»*«aE-*-4xe-c* s . 

[0028] 

B««iac«±. X/^-v^saaL.^^'JnyOx^S:. «Stt8&fflvvCB«l=J:9BMD3E 
<9ttJMvm:j^LT^Lfcx.yf-tf-y h<7>i&5:8u.T» a?«Srffti5-ri». ££>U1» 
timttg.Vi' 0 a >*7 x.>scomffi<7M%.<r>m&* C C DCDi. o &i§{«l£B£fflt >Titl2 L 
. #/s»il7tiB{«S-r 4 lt?>\sWmLXmffix-y*>7&8i-%:!kttiX-"/+V-y b Soffit 
Tfta-r&fe<7)T'ft6. dil&^ffitt.. fcfciHf, ^2 0 0 0-3 3S04 7-f-^$S 

[0029] 
[HJfifl] 

t&SfcfrfltfA [001] iOCZyij3y)xA^ffifflL, ■TfXfclOOO'C. 168#rajD 
. LPCVDSCiO. mfiMZO. 5 umnmZizi&rfLLfc. i)CUt;<?)yij3y^i 

[0030] 

TilWLfctt. MiSt^SrfflOf. BatiS. 0. 1 mm2 ^j${c:gq3rf £x v^y^ 

1 x 1 09 1/cm3 ^.yfy/e-y h**££;fut. 

WSitttfi: < . «*>-CSM*W$r5' 'J 3 y>xAB MDtf0^i*$rtf ? - 
[0031] 

amm) 

X^t. 

[00 3 2] 

12 1 K ll£>;h.& Xolz. yjr y«7 x/\*ffi(;:Mft;M£ffM L^i^Sfi^J lcoi'U 3y)i 

tfzmmmicr>>-u=iy^^^±. x 7 fy/cj: hmz<r>m?im?&b Lxm^hti* 

fr->tz--ftX\ &im*B&L%fr~>tz]mmi<?>i'V^>Vx.>^ziiXyXl3.. &9. 5 
jumOW$3Wbffl8tf>fcfUfc. -?-<0*£3l. 1 7^Xv^->-y'5Q ! JILfc>- , J3>"7xvMct5 
^X. mimZ&fcUz*fttyn^V3yVj,j\iz^^Ximifc* y1-V yhU. >'J 

^mctpts. ltv^bmd mcomFaxm izmmt $>i>coi> fpfifit- * -o * * t « 
mzti. znxmzxtiii, BMDm&w&tm&xKti&x'Z 2>zt*mwLtz. 
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[0033] 

JJESatWTIi. *»»0*BE***. BMD<OfP«tCffll^A»\ X^V^^-p-CSS 

fl^MSrwaE-fl: l rftisrf & fa^AKKtosaacwB lt t . pis? <m&*3mtz Z 

[00 34] 
[0iBWfS#^iJeHH] 

[01 ] jMtKX y f->-rX!iaH>r^T-tfOS i 7xA|^M^*t/77. 
[**#<D1»HJI] 



[01] 



7^ 
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F?-A(##) 2G052 AA13 
GA31 
4M106 AA01 



AD32 AD52 EB11 EC12 EC14 
JA09 

AA12 BAIO CB20 



FC02 FC15 FD06 FDIO 



